Overview of novel magnetically geared machines with partitioned stators by Zhu, Z.Q.
This is a repository copy of Overview of novel magnetically geared machines with 
partitioned stators.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/139346/
Version: Accepted Version
Article:
Zhu, Z.Q. orcid.org/0000-0001-7175-3307 (2018) Overview of novel magnetically geared 
machines with partitioned stators. IET Electric Power Applications, 12 (5). pp. 595-604. 
ISSN 1751-8660 
https://doi.org/10.1049/iet-epa.2017.0680
This paper is a postprint of a paper submitted to and accepted for publication in IET 
Electric Power Applications and is subject to Institution of Engineering and Technology 
Copyright. The copy of record is available at the IET Digital Library.
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
2YHUYLHZRI1RYHO0DJQHWLFDOO\*HDUHG0DFKLQHVZLWK3DUWLWLRQHG6WDWRUV

=L4LDQJ=KX

'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG8.
=4=KX#VKHIILHOGDFXN


ďƐƚƌĂĐƚ PdŚŝƐƉĂƉĞƌŽǀĞƌǀŝĞǁƐƌĞĐĞŶƚĚĞǀĞůŽƉŵĞŶƚŽĨĂŶĞǁĐůĂƐƐŽĨŵĂŐŶĞƚŝĐĂůůǇŐĞĂƌĞĚŵĂĐŚŝŶĞƚŽƉŽůŽŐŝĞƐ ?ŝ ?Ğ ?
ƉĂƌƚŝƚŝŽŶĞĚƐƚĂƚŽƌ ?W^ ?ŵĂĐŚŝŶĞƐ ?dŚĞǇĂƌĞĚĞǀĞůŽƉĞĚĨƌŽŵŵĂŐŶĞƚŝĐŐĞĂƌƐĂŶĚŵĂŐŶĞƚŝĐĂůůǇŐĞĂƌĞĚŵĂĐŚŝŶĞƐ ?ĂƐǁĞůůĂƐ
ƐƚĂƚŽƌƉĞƌŵĂŶĞŶƚŵĂŐŶĞƚ ?WD ?ŵĂĐŚŝŶĞƐ ?ƐǁŝƚĐŚĞĚĨůƵǆ ?ĨůƵǆƌĞǀĞƌƐĂůĂŶĚĚŽƵďůǇƐĂůŝĞŶĐǇWD ? ?ǁŽƵŶĚĨŝĞůĚ ?ŽƌŚǇďƌŝĚ
WDĂŶĚĨŝĞůĚǁŝŶĚŝŶŐŵĂĐŚŝŶĞƐ ?ĂƐĞĚŽŶƚŚĞŽƉĞƌĂƚŝŶŐƉƌŝŶĐŝƉůĞ ?ŝ ?Ğ ?ŵĂŐŶĞƚŝĐŐĞĂƌŝŶŐĞĨĨĞĐƚ ?ĂŝƌŐĂƉĨŝĞůĚŵŽĚƵůĂƚŝŽŶ
ĂŶĚĨůƵǆƐǁŝƚĐŚŝŶŐďǇƚŚĞƐĂůŝĞŶƚƌŽƚŽƌŝƌŽŶƉŽůĞƐ ?ǀĂƌŝŽƵƐW^ŵĂĐŚŝŶĞƚŽƉŽůŽŐŝĞƐĂƌĞĚĞǀĞůŽƉĞĚ ?ůůŚĂǀĞĨĞĂƚƵƌĞƐŽĨƚǁŽ
ƐƚĂƚŽƌƐ ?ƚǁŽĂŝƌŐĂƉƐ ?ĂŶĚŽŶĞƐĞŐŵĞŶƚĞĚĨĞƌƌŽŵĂŐŶĞƚŝĐƌŽƚŽƌŝĚĞŶƚŝĐĂůƚŽĂŵĂŐŶĞƚŝĐŐĞĂƌ ?ƐŵŽĚƵůĂƚŝŶŐƌŽƚŽƌ ?dŚĞŝƌ
ŝŶŚĞƌĞŶƚƌĞůĂƚŝŽŶƐŚŝƉƐĂƌĞƌĞǀĞĂůĞĚ ?ǁŚŝůĞƚŚĞŝƌĞůĞĐƚƌŽŵĂŐŶĞƚŝĐƉĞƌĨŽƌŵĂŶĐĞŝƐĐŽŵƉĂƌĞĚ ?ŽƚŚWDĂŶĚǁŽƵŶĚĨŝĞůĚW^
ŵĂĐŚŝŶĞƐĂƌĞĚŝƐĐƵƐƐĞĚ ?ƚŽŐĞƚŚĞƌǁŝƚŚŚǇďƌŝĚĞǆĐŝƚĞĚW^WDŵĂĐŚŝŶĞƐĂŶĚsĞƌŶŝĞƌŵĂĐŚŝŶĞƐ ?/ƚƐŚŽǁƐƚŚĂƚĂůůŽĨƚŚĞƐĞW^
ŵĂĐŚŝŶĞƐƐŚĂƌĞƚŚĞƐĂŵĞƚŽƌƋƵĞƉƌŽĚƵĐƚŝŽŶƉƌŝŶĐŝƉůĞĂŶĚƚŚĞĚŝĨĨĞƌĞŶĐĞƐĂƌĞŵĂŝŶůǇŝŶWDĐŽŶĨŝŐƵƌĂƚŝŽŶƐĂŶĚƌĞůĂƚŝǀĞ
ƉŽƐŝƚŝŽŶƐŽĨƚǁŽƐƚĂƚŽƌƐ ?ůůW^ŵĂĐŚŝŶĞƐŚĂǀĞŚŝŐŚĞƌƚŽƌƋƵĞĚĞŶƐŝƚǇƉĞƌĐŽƉƉĞƌůŽƐƐĐŽŵƉĂƌĞĚǁŝƚŚƚŚĞŝƌĐŽƵŶƚĞƌƉĂƌƚƐŽĨ
ƐŝŶŐůĞƐƚĂƚŽƌŵĂĐŚŝŶĞƐ ?W^ƐǁŝƚĐŚĞĚĨůƵǆWDŵĂĐŚŝŶĞƐĐĂŶƉƌŽĚƵĐĞƚŚĞŚŝŐŚĞƐƚƚŽƌƋƵĞĚĞŶƐŝƚǇƉĞƌĐŽƉƉĞƌůŽƐƐ ?

, ,QWURGXFWLRQ
'XHWRKLJKWRUTXHGHQVLW\DQGHIILFLHQF\SHUPDQHQW
PDJQHW30PDFKLQHVKDYHEHHQXVHGIRUPDQ\DSSOLFDWLRQV
UDQJLQJ IURP GRPHVWLF DSSOLDQFH LQGXVWULDO DXWRPDWLRQ
HOHFWULFYHKLFOHWRZLQGSRZHUJHQHUDWLRQHWF
9DULRXV30PDFKLQHWRSRORJLHVKDYHEHHQGHYHORSHG
DQG PDQ\ QHZ DQG QRYHO 30 PDFKLQH WRSRORJLHV DUH VWLOO
HPHUJLQJ>@>@$SDUWLFXODUGLVWLQFWLRQLQYDULRXVEUXVKOHVV
30PDFKLQHVLVWKHSRVLWLRQLQJRIWKHPDJQHWVLQUHODWLRQWR
WKHZLQGLQJVZKHWKHUVWDWLRQDU\RUURWDWLQJ>@>@7KLVOHDGV
WRWZRPDLQIRUPVRIEUXVKOHVV30PDFKLQHVWKHILUVWLVWKH
URWRU30PDFKLQHZKLFKLVPRUHFRQYHQWLRQDOZLWKURWDWLQJ
30V DQG ZRXQG VWDWRU DQG WKH VHFRQG LV WKH VWDWRU 30
PDFKLQHZLWKVWDWLRQDU\30VDQGZRXQGVWDWRUWRJHWKHUZLWK
DIRUPRIVDOLHQWURWRU7KLVVHFRQGVWDWRU30DUUDQJHPHQWLV
UHODWLYHO\QHZDQGVKRZQWREHFDSDEOHRIDFKLHYLQJWRUTXH
GHQVLW\ FRPSDUDEOH WR WKH PRUH FRQYHQWLRQDO URWRU 30
PDFKLQHV>@>@
,Q WKH FRQYHQWLRQDO URWRU 30 UDGLDOILHOG PDFKLQHV
WKH PRVW SRSXODU VWDWRU ZLQGLQJ FRQILJXUDWLRQV LQFOXGH
RYHUODSSLQJHQGZLQGLQJFRQFHQWUDWHGRUGLVWULEXWHG W\SHV
RUQRQRYHUODSSLQJHQGZLQGLQJFRQFHQWUDWHG WRRWKZRXQG
W\SHV ZKLOH WKH URWRUV PD\ EH HTXLSSHG ZLWK VXUIDFH
PRXQWHGRULQWHULRUPRXQWHG30V630VRU,30V
6ZLWFKHGIOX[IOX[UHYHUVDODQGGRXEO\VDOLHQF\30
PDFKLQHV IDOO LQWR D IDPLO\ RI VWDWRU 30 PDFKLQHV >@>@
7KHVH PDFKLQHV RSHUDWH RQ WKH SULQFLSOH RI IOX[ VZLWFKLQJ
WKDWWKHEDFN(0)VDUHJHQHUDWHGIURPWKHYDULDWLRQRI30
IOX[FRXSOHGZLWKFRQFHQWUDWHGFRLOVE\YLUWXHRIDVDOLHQWSROH
URWRU DQG VZLWFKLQJ RI PDJQHWLF IOX[ SDWKV ZKHQ WKH URWRU
URWDWHV)RUWKHVHVWDWRU30PDFKLQHVWKHPDLQGLIIHUHQFHLV
WKHORFDWLRQRI30VLQWKHVWDWRUEHLQJVDQGZLFKHGEHWZHHQ
WKH WHHWK LQ VZLWFKHG IOX[ 30 6)30 PDFKLQHV RQ WKH
VXUIDFHRIVWDWRUWRRWKLQIOX[UHYHUVDO30)530PDFKLQHV
DQGDWWKH\RNHLQGRXEO\VDOLHQF\30'630PDFKLQHV
2QWKHRWKHUKDQGDPDJQHWLFJHDU>@>@SURYLGLQJ
WKH UHTXLUHG WRUTXH WUDQVPLVVLRQ PDJQHWLFDOO\ LV LQLWLDOO\
GHYHORSHGDVDVXEVWLWXWH WRFRQYHQWLRQDOPHFKDQLFDOJHDUV
SURYLGLQJ DGYDQWDJHV RYHU WKHLU PHFKDQLFDO FRXQWHUSDUWV
VXFK DV PDJQHWLF LVRODWLRQ DQG UHPRYLQJ WKH QHFHVVLW\ IRU
OXEULFDWLRQ7KXVRSSRUWXQLWLHVULVHIRUXWLOLVLQJWKHV\QHUJLHV
RIERWKEUXVKOHVV30PDFKLQHVDQGPDJQHWLFJHDUVUHVXOWLQJ
LQ PDQ\ LQWHJUDWHG PDJQHWLFDOO\ JHDUHG PDFKLQHV EHLQJ
GHYHORSHGDQGLQYHVWLJDWHGIURPPDQ\SHUVSHFWLYHV>@>@
7KLVSDSHULVEDVHGRQWKHNH\QRWHVSHHFKZKLFKWKH
DXWKRU SUHVHQWHG DW WKH  ,QWHUQDWLRQDO &RQIHUHQFH RQ
(OHFWULFDO 0DFKLQHV DQG 6\VWHPV ,&(06 DQG
RYHUYLHZVUHFHQWGHYHORSPHQWRIDQHZFODVVRIPDJQHWLFDOO\
JHDUHG PDFKLQH WRSRORJLHV LH SDUWLWLRQHG VWDWRU 36
PDFKLQHV>@>@ZKLFKDUHGHYHORSHGIURPPDJQHWLFJHDUV
DQG PDJQHWLFDOO\ JHDUHG PDFKLQHV DV ZHOO DV VWDWRU 30
PDFKLQHV7KH36PDFKLQHVXQLTXHO\XQLI\WKHV\QHUJLHVRI
PDJQHWLF JHDUV DQG VWDWRU 30 PDFKLQHV DQG PDLQWDLQ WKH
RSHUDWLQJSULQFLSOHVRIIOX[VZLWFKLQJDQGPDJQHWLFJHDULQJ
7KHSDSHULVRUJDQLVHGDVIROORZV6HFWLRQ,,UHYLHZV
WKH PDJQHWLF JHDUV DQG PDJQHWLFDOO\ JHDUHG PDFKLQHV
6HFWLRQ ,,, GHVFULEHV WKH RSHUDWLQJ SULQFLSOH DQG PDJQHWLF
JHDULQJ HIIHFW LQ 36 PDFKLQHV ZKLOH 6HFWLRQ ,9 UHSRUWV
YDULRXV 36 PDFKLQH WRSRORJLHV 6HFWLRQ 9 GLVFXVVHV WKH
UHODWLRQVKLSVEHWZHHQYDULRXV36PDFKLQHVWRJHWKHUZLWKD
FRPSDULVRQ RI WKHLU HOHFWURPDJQHWLF SHUIRUPDQFH 7KLV LV
IROORZHGE\LQWURGXFWLRQRIK\EULGH[FLWHG3630PDFKLQHV
LQ6HFWLRQ9,7KHFRQFOXVLRQVDUHJLYHQLQVHFWLRQ9,,ZLWK
RWKHUSRWHQWLDO36PDFKLQHVDOVRKLJKOLJKWHG
,, 0DJQHWLF*HDUVDQG0DJQHWLFDOO\*HDUHG
0DFKLQHV
$ 0DJQHWLF*HDUV>@>@
$PDJQHWLFJHDUXVXDOO\FRQVLVWVRIWKUHHSDUWVDKLJK
SROH ILHOG H[FLWDWLRQ HOHPHQW D ORZ SROH ILHOG H[FLWDWLRQ
HOHPHQW DQG D IHUURPDJQHWLF LURQ SROHSLHFH ULQJ DV
SURSRVHGLQ>@)LJVKRZVWZRW\SHVRIPDJQHWLFJHDUVLQ
ZKLFKWKHRXWHUDQGLQQHUHOHPHQWVDUHPDGHRI30V>@>@
7KHRUHWLFDOO\DOOWKUHHSDUWVPD\EHURWDWLQJ>@DOWKRXJKLW
LVPRUHFRPPRQWRIL[RQHSDUWHLWKHURQH30HOHPHQWRUWKH
LURQSROHSLHFHULQJ7KHLURQSLHFHVPRGXODWHWKHDLUJDSILHOG
SURGXFHG E\ RQH HOHPHQW WR PDNH LW KDYH WKH VDPH SROH
QXPEHU DQG URWDWLQJ VSHHG WR WKRVH RI WKH DLUJDS ILHOG
SURGXFHGE\DQRWKHUHOHPHQWVRDVWRSURGXFHFRQVWDQWWRUTXH
>@>@+HQFHDQLQKHUHQWUHODWLRQVKLSEHWZHHQWKHSROHSDLU
QXPEHUVRILQQHUDQGRXWHU30HOHPHQWVH[LVWVDVVKRZQLQ
7DEOH>@>@

7DEOH*HDUUDWLRVIRUDPDJQHWLFJHDU݊௜ ൌ ݌ଵ ൅ ݌ଶ
ȦL  Ȧ  Ȧ 


S
S*U  
S
Q* LU  
S
Q* LU  
1RWH*ULVWKHJHDUUDWLRQLLVWKHQXPEHURILURQSLHFHVS
LV WKH ORZ VSHHG HOHPHQW SROH SDLUV S LV WKH KLJK VSHHG
HOHPHQW SROH SDLUV ȦL LV WKH IHUURPDJQHWLF SLHFHV¶ DQJXODU
YHORFLW\ȦLVWKHORZVSHHGHOHPHQW¶VDQJXODUYHORFLW\Ȧ
LV WKH KLJK VSHHG HOHPHQW¶V DQJXODU YHORFLW\ 7KH QHJDWLYH
VLJQLQGLFDWHVRSSRVLWHURWDWLQJGLUHFWLRQV

%\ ZD\ RI H[DPSOH )LJD VKRZV WKH PDJQHWLF
JHDU ZLWK  URWDWLQJ LQQHU 30 SROH SDLUV  VWDWLRQDU\
PRGXODWLQJ LURQ SROHV DQG  DQWLURWDWLQJ RXWHU 30 SROH
SDLUVZKLOH)LJEVKRZVWKDWZLWKVWDWLRQDU\LQQHU30
SROHSDLUVURWDWLQJPRGXODWLQJLURQSROHVDQGURWDWLQJ
RXWHU30SROHSDLUV7RLOOXVWUDWHWKHJHQHUDOLW\WKHLQQHU30
ILHOGHOHPHQWVLQWKHVHWZRPDJQHWLFJHDUVKDYHXVHGVXUIDFH
PRXQWHG30VDQGLQWHULRU30VUHVSHFWLYHO\,QGHHGYDULRXV
30HOHPHQW WRSRORJLHV VLPLODU WR WKH URWRURIFRQYHQWLRQDO
30PDFKLQHV>@FDQEHHPSOR\HG
'XHWRDLUJDSILHOGPRGXODWLRQWKHUHH[LVWVDPDJQHWLF
JHDULQJHIIHFW,WFDQEHGHILQHGE\DJHDUUDWLRZKLFKPD\EH
XWLOLVHGWRDPSOLI\WKHWRUTXHSURGXFWLRQFRPSDUHGZLWKWKDW
RIDFRQYHQWLRQDOHOHFWULFDOPDFKLQHLQZKLFKERWKVWDWRUDQG
URWRU SURGXFH WKH ILHOGV ZLWK WKH VDPH SROH SDLU QXPEHUV
+HQFHDPDJQHWLFJHDUFDQ KDYHYHU\KLJK WRUTXHGHQVLW\
HJ !N1PP >@>@ ,Q DGGLWLRQ FRPSDUHG ZLWK D
PHFKDQLFDOJHDUDPDJQHWLFJHDUKDVLQKHUHQWEHQHILWVVXFK
DVQRQHHGRIOXEULFDWLRQDQGRYHUORDGSURWHFWLRQ

% 0DJQHWLFDOO\*HDUHG0DFKLQHV>@>@
7KHPDJQHWLFJHDUVVKRZQLQ)LJ>@>@XVHDODUJH
DPRXQW RI 30 PDWHULDOV ZKLFK DUH H[SHQVLYH LI UDUHHDUWK
30VDUHHPSOR\HGWRSURGXFHKLJKWRUTXHGHQVLW\)XUWKHULW
LVVLPSO\DSDVVLYHPDJQHWLFJHDUZLWKRXWHOHFWULFDORXWSXWRU
LQSXWSRUWV,WLVSRVVLEOHWRUHSODFHD30URWRUE\HPSOR\LQJ
PXOWLSKDVH VLQXVRLGDOO\ H[FLWHG ZLQGLQJV WR SURGXFH D
URWDWLQJ PDJQHWLF ILHOG >@>@ DV WKRVH LQ WKH VWDWRUV RI
LQGXFWLRQPDFKLQHVDQGV\QFKURQRXVPDFKLQHVDOWKRXJKWKH
WRUTXHGHQVLW\PD\EHVDFULILFHGGXH WR WKH UHSODFHPHQWRI
30VE\FRLOH[FLWDWLRQ7KHUHIRUHIURPWKHPDJQHWLFJHDULQJ
SULQFLSOHPDQ\PDJQHWLFDOO\JHDUHGPDFKLQHWRSRORJLHVFDQ
EH GHYHORSHG WR FRQYHUW HOHFWULFDO HQHUJ\ WR PHFKDQLFDO
HQHUJ\RUYLFHYHUVD
%\ ZD\ RI H[DPSOH DV GHYHORSHG IURP )LJD
)LJDKDVDVWDWLRQDU\PRGXODWLQJLURQSLHFHULQJZKLFKLV
SODFHG EHWZHHQ D SKDVH ZRXQG VWDWRU DQG D KLJKHU SROH
QXPEHU30URWRU>@>@,QWKLVFDVHERWKWKHPRGXODWLQJ
LURQSLHFHULQJDQGWKHZRXQGVWDWRUDUHVWDWLRQDU\DQGWKHUH
LVQRUHODWLYHPHFKDQLFDOPRWLRQEHWZHHQWKHP+HQFHLWLV
SRVVLEOH WR UHPRYH WKH DLUJDSEHWZHHQ WKHPVR WKDWRQO\ D
VLQJOHPHFKDQLFDODLUJDSUHPDLQVZKLOHWKHVWDWRUKDVDPXOWL
WRRWK VWUXFWXUH &RQVHTXHQWO\ WKH UHVXOWLQJ PDFKLQH LV
LGHQWLFDOWRD9HUQLHUPDFKLQH>@>@)LJD$9HUQLHU
30 PDFKLQH >@ KDV EHHQ QRWHG IRU LWV PDJQHWLF JHDULQJ
HIIHFW >@>@ DQG IXUWKHU FRQQHFWHG ZLWK WKH PDJQHWLF
JHDULQJSULQFLSOH IURP WKH PDJQHWLFDOO\JHDUHG PDFKLQHRU
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ERWKDUHH[FLWHGE\DFVRXUFHVZLWKGLIIHUHQWIUHTXHQFLHV7KLV
W\SHRIPDFKLQHVLVDFWXDOO\D36W\SHRIEUXVKOHVVGRXEO\
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RU D
ZRXQGILHOGURWRU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7KHFRLOIOX[OLQNDJHYDULDWLRQRIWKH3630PDFKLQH
LVGHPRQVWUDWHGE\FRQVLGHULQJWKHIOX[OLQNLQJDQLQGLYLGXDO
FRLO LQ D  URWRU SROH PDFKLQHV 7KH GLVWULEXWLRQV RI IOX[
WKURXJK D VLQJOH FRLO DUH SUHVHQWHG LQ )LJDG ZLWK
SRVLWLRQV$DQG&KDYLQJPD[LPXPSRVLWLYHDQGPD[LPXP
QHJDWLYHIOX[HVOLQNLQJWKHVLQJOHFRLO%DQG'KDYLQJQRIOX[
WKURXJK WKH VLQJOH FRLO ZKHQ WKH LURQ SLHFH RU LURQ SLHFH
DLUVSDFHLVDOLJQHGZLWKWKHVWDWRUWRRWKZLWKFRLO7KXVEL
SRODUIOX[OLQNDJHLVSURGXFHGDVVKRZQLQ)LJH

)LJ   (TXDO SRWHQWLDO GLVWULEXWLRQV DQG YDULDWLRQ RI IOX[
OLQNDJHLQDVLQJOHFRLORI3630PDFKLQHZLWKURWRUSROHV
DWGLIIHUHQWURWRUSRVLWLRQV
D3RVLWLRQ$E3RVLWLRQ%F3RVLWLRQ&G3RVLWLRQ'
H9DULDWLRQRIIOX[OLQNDJHLQDVLQJOHFRLO

7KHSKDVHIOX[OLQNDJHFDQEHREWDLQHGE\VXPPDWLRQ
RIDOOVHULHVFRLOVRIRQHSKDVHIURPZKLFKWKHFRUUHVSRQGLQJ
SKDVH EDFN(0) ZDYHIRUP FDQ EH REWDLQHG %RWK DUH
HVVHQWLDOO\ VLQXVRLGDO WKH EDFN(0) ZDYHIRUPV ZLOO EH
VKRZQODWHULQWKHSDSHU&RQVHTXHQWO\E\VXSSO\LQJPXOWL
SKDVH HJ SKDVH VLQXVRLGDO FXUUHQWV WKH WRUTXH FDQ EH
SURGXFHGDVLQWKHFRQYHQWLRQDOPDFKLQHV
2IFRXUVHWKHWRUTXHSURGXFWLRQFDQDOVREHREWDLQHG
QXPHULFDOO\LQDQDOWHUQDWLYHZD\IURPPDJQHWLFJHDULQJDQG
DLUJDSIOX[PRGXODWLRQ>@>@>@>@>@3DLUVRI30
DQGDUPDWXUHILHOGKDUPRQLFVZLWKWKHVDPHSROHSDLUQXPEHU
DQG URWDWLRQVSHHGDQGGLUHFWLRQ WKURXJK WKHPRGXODWLRQRI
LURQSLHFHVFRQWULEXWHWRWRUTXHSURGXFWLRQ
7KHPDJQHWLFJHDU UDWLR LQ3630 PDFKLQHV FDQEH
REWDLQHGLQDVLPLODUZD\WRWKDWLQDPDJQHWLFJHDUJLYHQLQ
7DEOH , E\ XWLOLVLQJ DQ HTXLYDOHQW SROH SDLU QXPEHU RI WKH
VWDWRUDUPDWXUHILHOG>@
,9 9DULRXV3DUWLWLRQHG6WDWRU0DFKLQHV
$VFDQEHVHHQIURP)LJEWR)LJEDOOVWDWRU
30 PDFKLQHV FDQ EH FRQYHUWHG WR 36 30 PDFKLQHV
7KHUHIRUHWKLVVHFWLRQZLOOILUVWO\GHVFULEHYDULRXVVWDWRU30
DVZHOODVZRXQGILHOGPDFKLQHWRSRORJLHVDQGWKHQJLYHWKH
GHULYHGHTXLYDOHQW36PDFKLQHWRSRORJLHV
$ 6WDWRU30DQG:RXQG)LHOG0DFKLQHV
7KHUHDUHWKUHHPDLQW\SHVRIVWDWRU30PDFKLQHVDOO
GHYHORSHG IURP WKH VZLWFKLQJ IOX[ SULQFLSOH >@>@ LH
VZLWFKHGIOX[>@>@)LJIOX[UHYHUVDO>@>@)LJ
DQG GRXEO\ VDOLHQW >@>@ )LJ 7KH GLVWLQFWLRQ DPRQJ
WKHVH WKUHH VWDWRU 30 PDFKLQHV LV WKH SODFHPHQW RI 30V
6ZLWFKHGIOX[PDFKLQHVVDQGZLFKWKH30ZLWKLQHDFKVWDWRU
WRRWK)OX[UHYHUVDOPDFKLQHVPRXQWDSDLURIWKH30VRQWKH
WRRWKVXUIDFHDGMDFHQWWRWKHDLUJDS'RXEO\VDOLHQWPDFKLQHV
IHDWXUH 30 HPEHGGHG ZLWKLQ WKH VWDWRU \RNH EHWZHHQ WZR
WHHWKSROHVRUE\WKHLQWHUYDORIQXPEHURISKDVHV6WDWRU30
PDFKLQHVRIWKHVHW\SHVGRQRWUHO\RQUHOXFWDQFHWRUTXHWR
JHQHUDWHWRUTXHDVWKHLQGXFWDQFHGLIIHUHQFHEHWZHHQGDQG
TD[HV LV JHQHUDOO\ QHJOLJLEOH DQG WKH 30 IOX[ OLQNDJH
YDULDWLRQRIWKHVWDWRUZLQGLQJGXHWRURWRUVDOLHQF\GRPLQDWHV
WKHWRUTXHSURGXFWLRQ,QRWKHUZRUGVWKHWRUTXHSURGXFWLRQ
LQ VWDWRU 30 PDFKLQHV UHOLHV RQ URWRU VDOLHQF\ EXW WKH
UHOXFWDQFHWRUTXHLVXVXDOO\QHJOLJLEOH
,QWKHVHVWDWRU30PDFKLQHVDOOKDYHDVLPSOHVDOLHQW
SROH URWRUZLWKRXW ZLQGLQJV RUPDJQHWV WKH VWDWRUVXVXDOO\
HPSOR\QRQRYHUODSSLQJFRQFHQWUDWHGZLQGLQJVHLWKHUVLQJOH
OD\HUDOWHUQDWHWHHWKZRXQGRUGRXEOHOD\HUDOOWHHWKZRXQG
DOWKRXJKLWLVDOVRSRVVLEOHWRHPSOR\FRQYHQWLRQDOGLVWULEXWHG
ZLQGLQJV DOEHLW ZLWK ORQJHU HQGZLQGLQJV 7KHUH DUH DOVR
PDQ\ SRVVLEOH FRPELQDWLRQV RI VWDWRU DQG URWRU WHHWK WKH
RSWLPDO URWRU WRRWKQXPEHU IRU PD[LPXP WRUTXH LVXVXDOO\
FORVHWRWKHQXPEHURIVWDWRUWHHWKRULWVPXOWLSOHV>@>@
$PRQJVW WKUHH PDLQ VWDWRU 30 PDFKLQHV VZLWFKHG IOX[
PDFKLQHVFDQSRWHQWLDOO\DFKLHYHWKHKLJKHVW WRUTXHGHQVLW\
GXH WR IOX[ IRFXVLQJ DOEHLW ZLWK D ODUJHU DPRXQW RI 30V
)XUWKHU IRU6)30 PDFKLQHV(FRUH W\SH KDV UHPRYHG WKH
WRRWK30VIURPWKHWHHWKZLWKRXWFRLOVLQWKHDOWHUQDWHWHHWK
ZRXQG 6)30 PDFKLQHV >@ )LJ G ZKLOH WKH &FRUH
ZLWKOHVVVWDWRUWHHWKDQGODUJHVORWRSHQLQJV>@LVGHULYHG
E\IXUWKHUUHPRYDORIWKH(FRUHWHHWKWKDWDUHQRWZRXQG)LJ
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F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